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and labor augmentation: results from 2 randomized,
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BACKGROUND: Slow progression of labor is a common obstetrical study 1, the risk for having a labor time exceeding 12 hours was
problem with multiple associated complications. Tafoxiparin is a depoly-

merized form of heparin with a molecular structure that eliminates the

anticoagulant effects of heparin. We report on 2 phase II clinical studies of

tafoxiparin in primiparas. Study 1 was an exploratory, first-in-pregnant-

women study and study 2 was a dose-finding study.

OBJECTIVE: Study 1 was performed to explore the effects on labor

time of subcutaneous administration of tafoxiparin before onset of labor.

Study 2 was performed to test the hypothesis that intravenous treatment

with tafoxiparin reduces the risk for prolonged labor after spontaneous

labor onset in situations requiring oxytocin stimulation because of

dystocia.

STUDY DESIGN: Both studies were randomized, double-blind, and

placebo-controlled. Participants were healthy, nulliparous females aged

18 to 45 years with a normal singleton pregnancy and gestational age

confirmed by ultrasound. The primary endpoints were time from onset of

established labor (cervical dilation of 4 cm) until delivery (study 1) and time

from start of study treatment infusion until delivery (study 2). In study 1,

patients at 38 to 40 weeks of gestation received 60 mg tafoxiparin or

placebo daily as 0.4 mL subcutaneous injections until labor onset

(maximum 28 days). In study 2, patients experiencing slow progression of

labor, a prolonged latent phase, or labor arrest received a placebo or 1 of 3

short-term tafoxiparin regimens (initial bolus 7, 21, or 35 mg followed by

continuous infusion at 5, 15, or 25 mg/hour until delivery; maximum

duration, 36 hours) in conjunction with oxytocin.

RESULTS: The number of participants randomized in study 1 was

263, and 361 were randomized in study 2. There were no statistically

significant differences in the primary endpoints between those receiving

tafoxiparin and those receiving the placebo in both studies. However, in
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significantly reduced by tafoxiparin (tafoxiparin 6/114 [5%] vs placebo

18/101 [18%]; P¼.0045). Post hoc analyses showed that women who

underwent labor induction had a median (range) labor time of 4.44

(1.2e8.5) hours with tafoxiparin and 7.03 (1.5e14.3) hours with the

placebo (P¼.0041) and that co-administration of tafoxiparin potentiates

the effect of oxytocin and facilitates a shorter labor time among women

with a labor time exceeding 6 to 8 hours (P¼.016). Among women

induced into labor, tafoxiparin had a positive effect on cervical ripening

in 11 of 13 cases (85%) compared with 3 of 13 participants (23%) who

received the placebo (P¼.004). For women requiring oxytocin because

of slow progression of labor, the corresponding results were 34 of 51

participants (66%) vs 16 of 40 participants (40%) (P¼.004). In study 2,

tafoxiparin had no positive effects on the secondary endpoints when

compared with the placebo.

Except for injection-site reactions in study 1, adverse events were no more

common for tafoxiparin than for the placebo among either mothers or

infants. There were few serious or treatment-related adverse events.

CONCLUSION: Subcutaneous treatment with tafoxiparin before labor
onset (study 1) may be effective in reducing the labor time among women

undergoing labor induction and among those requiring oxytocin for slow

progression of labor. Moreover, tafoxiparin may have a positive effect on

cervical ripening. Short-term, intravenous treatment with tafoxiparin as an

adjunct to oxytocin in patients with labor arrest (study 2) did not affect labor

time or other endpoints. Both studies suggest that tafoxiparin has a

favorable safety profile in mothers and their infants.
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Introduction
Prolonged labor (dystocia) and labor
arrest are common, with >30% of first-
time deliveries being affected.1e6 These
problems are associated with maternal
and fetal complications, including fetal
asphyxia, infection, instrumental de-
livery, postpartum hemorrhage, vaginal
tears, anal sphincter injuries, and uterine
ruptures.7e9 Moreover, prolonged labor
is the leading cause of emergency cesar-
ean deliveries, which put the mother
MONTH 2022 Am
and baby at risk for additional
complications.10e12

During late-stage pregnancy, the
uterine extracellular matrix (ECM) is
remodeled to facilitate contractions.
Cervical ripening, an inflammatory re-
action associated with remodeling of the
ECM, ensures adequate softness and
distensibility for parturition.13e18 In-
sufficiencies in either of these processes
can cause prolonged or delayed labor.
Standard treatments, such as oxytocin
erican Journal of Obstetrics & Gynecology 1.e1
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AJOG at a Glance

Why was this study conducted?
This study aimed to explore the effects of tafoxiparin, a depolymerized form of
heparin without anticoagulant effects, administered before labor or as an adjunct
to oxytocin in women with dystocia.

Key findings
Tafoxiparin may reduce the risk for highly extended labor times (>12 hours) and
may be effective in promoting cervical ripening. Thus, it has potential to reduce
labor duration in the context of labor induction or when given as an adjunct to
oxytocin in patients with dystocia. Tafoxiparin has a favorable safety profile in
mothers and infants.

What does this add to what is known?
In harnessing the potential benefits of low molecular weight heparin without its
anticoagulant effects, tafoxiparin seems to be a promising treatment option for
cervical ripening and augmentation of labor.
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and prostaglandins, are not always
effective, and these may cause adverse
events (AEs) such as hyperstimulation or
maternal fever.19e22 Consequently,
alternative therapeutic options are
needed.

Low molecular weight heparin
(LMWH), structurally similar to hep-
aran sulfate, may reduce labor time by
increasing myometrial activity in the
uterus and by increasing secretion of the
cytokine interleukin-8 in the cervix.23e25

However, routine application of LMWH
is precluded because of the antithrombin
(AT)-mediated anticoagulant effects that
increase the risk for hemorrhage.26,27

Tafoxiparin is a depolymerized form
of heparin with a molecular weight of 5
to 7 kDa. Oxidation of the glucuronic
acid moiety in the pentasaccharide
sequence that binds AT means that
tafoxiparin (unlike LMWH) does not
activate AT and therefore has no antico-
agulant effects.25,28 Preclinical studies
have shown that tafoxiparin stimulates
cytokine release from cervical fibroblasts
in a similar manner to LMWH.25,28 In
addition, similarly to LMWH, tafox-
iparin may act in conjunction with
oxytocin to increase the contractile ac-
tivity of myometrial smooth muscle,
addressing any reduction in heparan
sulfate levels.19,25,28 Thus, tafoxiparin
may support parturition by facilitating
cervical ripening and increasing the
1.e2 American Journal of Obstetrics & Gynecology
strength of uterine contractions.
Importantly, tafoxiparin, like LMWH,
does not cross the placental barrier and
therefore does not affect the unborn
fetus.29,30

Dilafor AB sponsored 2 randomized,
double-blind, placebo-controlled phase
II clinical studies of tafoxiparin in pri-
miparas. Study 1 was an exploratory,
first-in-pregnant-women study assess-
ing subcutaneous (SC) tafoxiparin
treatment for �28 days in primipara
women planning vaginal delivery. The
following 2 hypotheses emerged from
this study: “tafoxiparin reduces the risk
of prolonged labor after spontaneous
onset in situations where oxytocin
stimulation is needed due to dystocia”
and “tafoxiparin reduces labor time
when labor induction is performed
with prostaglandin to induce cervical
ripening and/or with amniotomy/
oxytocin to stimulate uterine contrac-
tions.” Study 2 was performed in women
requiring treatment for slow progression
of labor, a prolonged latent phase, or
labor arrest to test the hypothesis that
“tafoxiparin reduces the risk of pro-
longed labor after spontaneous onset in
situations where oxytocin stimulation is
needed due to dystocia.” Tafoxiparin was
administered as an adjunct to oxytocin,
and to ensure sufficiently rapid onset of
action, both drugs were administered
intravenously (IV).
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Materials and Methods
Study design
Both phase II studies were prospective,
multicenter, randomized, double-blind,
and placebo-controlled. Study 1
(PPL02; ClinicalTrials.gov identifier,
NCT00710242; EudraCT identifier,
2006-005839-20) assessed multiple SC
doses of tafoxiparin, whereas study 2
(PPL07; ClinicalTrials.gov identifier,
NCT03001193; EudraCT identifier,
2016-002118-40) was an IV dose-
finding study. The studies were per-
formed in accordance with the Good
Clinical Practice and the Declaration of
Helsinki. The protocols were approved
by the relevant authorities and regional
ethics boards. All participants provided
signed informed consent. Study 1 was
conducted between April 4, 2007 and
May 15, 2009, and study 2 was con-
ducted between December 27, 2016 and
March 5, 2019. Both studies were closed
for enrolment on reaching the intended
sample size.

Participants of both studies were
healthy, nulliparous females aged 18 to
45 years with a normal singleton preg-
nancy and gestational age confirmed by
second trimester ultrasound. Exclusion
criteria were similar in the 2 studies, and
all were applied from the outset,
including breach or abnormal presenta-
tion, serious infectious disease (eg, HIV,
hepatitis), previous vaginal bleeding,
moderate to severe hypertension,
eclampsia, coagulation disorders,
heparin-induced thrombocytopenia,
heparin allergy, alcohol or drug abuse,
and large or small for gestational age
fetus. Furthermore, women with a body
mass index (BMI) >30 kg/m2 (study 1)
or �35 kg/m2 (study 2) were excluded.
Patients with infections (eg, HIV, hepa-
titis, sexually transmitted diseases) dur-
ing the last 10 weeks of pregnancy were
also excluded from study 1, whereas
those with uterine scars or induction of
labor were excluded from study 2.

In study 1, patients who experienced a
normal pregnancy and were at 38 to 40
weeks of gestation were recruited at
maternal healthcare units (ie, when they
were outpatients). A 60 mg dose of
tafoxiparin or a placebowas administered

http://ClinicalTrials.gov
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TABLE 1
Demographic and baseline characteristics (safety populations in studies 1 and 2)

Study 1 Placebo (n¼125) Tafoxiparin (n¼138)

Age (y) 29.1�4.2 28.8�4.2

Body mass index prepregnancy (kg/m2) 23.4�2.9 23.5�2.7

Gestational age at screening (wk) 38.9�0.7 38.9�0.7

Gestational age at start of treatment with study
medication (wk)

39.4�0.6 39.4�0.6

Gestational age at delivery 40.8�0.8 40.8�0.8

Study 2 Placebo (n¼91)
Tafoxiparin
5 mg/h (n¼88)

Tafoxiparin
15 mg/h (n¼87)

Tafoxiparin
25 mg/h (n¼90)

Age (y) 29.3�4.7 29.8�5.0 29.1�5.0 30.2�4.6

Body mass index at screening (kg/m2) 24.2�3.7 24.5�3.9 24.4�3.9 24.7�4.3

Gestational age (wk) 40.3�1.0 40.1�1.2 40.3�1.0 40.2�1.1

Main indication

- Primary slow progression of labora 41 (45) 40 (46) 44 (51) 43 (48)

- Prolonged latent phaseb 31 (34) 28 (32) 27 (31) 29 (32)

- Primary labor arrestc 19 (21) 20 (23) 16 (18) 18 (20)

Data are shown as the mean � standard deviation or number (percentage).

a Slow progress of labor was defined as<1 cm/hour increase in cervical dilatation for a period of 3 hours. A cervical dilation of 3e6 cm was required at the time of inclusion; b Prolonged latent phase
defined as painful contractions during at least 18 hours without progress into established labor. To be included in the study, a cervical dilatation of 2e3 cm and amniotomy or spontaneous rupture of
membranes were required. If still no progress 1 hour after amniotomy, the subject could be enrolled; c Primary labor arrest was defined as no increase in cervical dilatation during 3 hours. A cervical
dilatation of 3e6 cm was required.
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daily as 0.4 mL SC injections until labor
(maximum treatment duration, 28 days).
Labor was induced in cases with pre-
eclampsia, hepatosis, or postterm preg-
nancy at 42 weeks of gestation. At labor
onset, study treatment was discontinued
and the womenwere treated according to
standard clinical practice.

Study 2 patients experiencing slow
progression of labor, a prolonged latent
phase, or labor arrest (see definitions
under Table 1) were recruited while at
the delivery ward. There were 4 study
arms, namely 1 placebo and 3 tafox-
iparin arms (initial IV bolus [7, 21, or 35
mg] followed by continuous infusion [5,
15, or 25 mg/hour until delivery;
maximum duration 36 hours]). This was
administered in addition to IV oxytocin
according to standard clinical practice.

In both studies, a follow-up visit was
scheduled 8 to 16 weeks postpartum. In
study 2, participants were contacted
telephonically 6 months after study in-
clusion for questionnaire-based docu-
mentation of the infant’s development.
Assessments
The primary endpoint in study 1 was la-
bor delivery time, defined as the time
from onset of established labor (cervical
dilation of 4 cm)6 to delivery. Secondary
efficacy assessments included proportion
of womenwith labor time>12 hours, use
of epidural anesthesia (EDA), labor
augmentation, labor induction, and
Westin score31 (scale 0e10; 0e5, unripe
cervix; 6e10, ripe cervix) on days 0, 7, 14,
21, and 28. The primary endpoint in
study 2 was time from start of infusion of
study treatment until delivery. Secondary
efficacy assessments were proportion of
women with prolonged labor, time from
cervical dilation of 4 cm until delivery,
proportion of women receiving EDA, and
delivery by cesarean delivery.
In both studies, blinded evaluation of

partograms was performed by an inde-
pendent obstetrician. Safety assessments
included AEs, physical examinations,
vital signs, hematology and clinical
chemistry results, rate of withdrawal,
and neonatal outcomes.
MONTH 2022 Am
Statistics
The null hypothesis in study 1 was that
there is no difference in labor delivery
time between the treatment groups. For
the primary analysis, the labor delivery
time was transformed by square root and
analyzed using analysis of covariance
with adjustment for center and use of
EDA. Based on unpublished observa-
tional data, a delivery time of 8 hours was
assumed, and a reduction of 1.8 hours
was considered clinically meaningful.
We calculated that 170 eligible patients
would be required to reach 90% power
to detect a difference. Assuming a
dropout rate of 35%, we aimed to
randomize 260 patients. The primary
analysis was done on the safety popula-
tion (all randomized participants who
received �1 dose of study treatment).
We anticipated no missing data for the
primary endpoint. Post hoc analyses
were performed in subgroups of study
participants (women who underwent
induction of labor and women who
received and who did not receive
erican Journal of Obstetrics & Gynecology 1.e3
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FIGURE 1
Patient disposition

A, Study 1. B, Study 2. Six patients who underwent randomization withdrew before completing study 1 (reasons: loss to follow-up, protocol deviation),
and 24 patients withdrew early from study 2 (consent withdrawal, discretion of the principal investigator). In study 1, two patients who received tafoxiparin
were excluded from the efficacy population (reasons: protocol deviation, inability to participate in the study).
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oxytocin) using time-to-event method-
ology (proportional hazard Cox regres-
sion and nonparametric log-rank test; no
adjustments for covariates). The Westin
score was assessed using chi-square tests.
All statistical tests for differences be-
tween study arms were 2-sided and per-
formed at the 5% significance level.

For study 2, the null hypothesis was
that the time from first infusion to de-
livery is equal for all treatment groups.
The sample size required to achieve 90%
power to detect a 20% reduction in this
endpoint was 90 participants per dose
group (360 participants in total). Results
were analyzed using the full analysis set
(FAS) (all eligible and randomized
1.e4 American Journal of Obstetrics & Gynecology
participants who received �1 dose of
study treatment), the per-protocol pop-
ulation, and the safety population (all
participants who received �1 dose of
study treatment). No interim analyses
were planned or undertaken. In accor-
dance with the European Medicines
Agency guidance, the primary endpoint
was analyzed using Multiple Compari-
son ProcedureeModelling. The model
included treatment dose and was
adjusted for other covariates.

Results
Participants
The number of women randomized in
studies 1 and 2 were 263 and 361,
MONTH 2022
respectively. The safety population in
study 1 included all 263 participants
of whom 138 received tafoxiparin
(Figure 1). Two tafoxiparin recipients
were excluded from the efficacy popu-
lation. In study 2, the FAS and safety
populations were identical (n¼356), and
265 women received tafoxiparin (5, 15,
or 25 mg/h). In both studies, baseline
characteristics were similar in the
tafoxiparin and placebo groups
(Table 1). All women participating in
both studies were White. In study 1, the
mean number of injections (standard
deviation [SD]) of the study treatment
was 10.2 (6.0) in the placebo arm and
10.1 (6.2) in the tafoxiparin arm.

http://www.AJOG.org


TABLE 2
Efficacy results of study 1

Labor outcome Placebo Tafoxiparin

Labor induction n¼16 n¼14

Labor time in women undergoing labor inductiona

(h), median (range)
7.03 (1.5e14.3) 4.44 (1.2e8.5)b

Vaginal delivery n¼101 n¼114

Time from cervical dilatation of 4 cm until vaginal
delivery (h),
mean � standard deviation

7.52�3.97 6.84�3.15

Number (%) of women with prolonged labor (>12
hours)

18 (18) 6 (5)c

Total efficacy population n¼125 n¼136

Number (%) of cesarean deliveries 23 (18) 22 (16)

Number (%) of vacuum-assisted deliveries 24 (19) 22 (16)
a Women with nonspontaneous start of labor; b Indicates a P value of.0041 when compared with the placebo; c Indicates a P
values of.0045 when compared with the placebo.

Erkman-Ordeberg. Tafoxiparin for cervical ripening and labor augmentation. Am J Obstet Gynecol 2022.
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Efficacy: study 1
There was no statistically significant dif-
ference in the outcomes between the
tafoxiparin and placebo treatment groups
in the primary analysis. Mean (�SD)
vaginal delivery times were 6.84�3.15
hours for tafoxiparin and 7.52�3.97
hours for the placebo (P¼.48) (Table 2).
Notably, 32% of the study participants
had normal labor progression and there-
fore did not receive oxytocin. The pro-
portion of women with a labor time
exceeding 12 hours was smaller in the
tafoxiparin group than in the placebo
group (5% vs 18%; P¼.0045). Further-
more, in the subgroup of women who
underwent labor induction (ie, thosewith
nonspontaneous onset of labor), the
median labor time with tafoxiparin
treatment was 4.44 hours (range, 1.2e8.5
hours) and 7.03 hours (range, 1.5e14.3)
with placebo treatment. Time-to-event
analysis showed a statistically significant
difference between these 2 groups (log-
rank test, P¼.0041) (Table 2 and Figure 2,
A). Furthermore, co-administration of
tafoxiparin seemed to potentiate the effect
of oxytocin and to facilitate a shorter labor
time among women with a labor time
exceeding 6 to 8 hours (log-rank test,
P¼.016) (Figure 2, B).

At the beginning of treatment, the
mean Westin score (SD) was similar in
the 2 study groups (tafoxiparin, 2.4 [1.8]
vs placebo, 2.5 [2.0]). A positive change
of �1 point in the Westin score after 7
days of treatment was significantly more
likely with tafoxiparin treatment than
with the placebo: this was observed in 11
of 13 (85%) subjects induced into labor
who received tafoxiparin compared with
3 of 13 (23%) subjects who received the
placebo (P¼.004) (Figure 3, C). The
corresponding percentages were 66%
and 40% (P¼.004), respectively, among
women who needed oxytocin for slow
progression of labor, and 84% and 57%
(P¼.07), respectively, among subjects
who did not require oxytocin. On days
14, 21, and 28, the number of women
who remained undelivered was too small
to providemeaningfulWestin score data.
Among subjects with a vaginal de-

livery and spontaneous onset of labor,
94% and 98% received N2O and 56%
and 53% received EDA in the placebo
and tafoxiparin groups, respectively. The
percentage of women who delivererd by
cesarean delivery and vacuum extraction
were similar in the 2 study groups
(Table 2).

Efficacy: study 2
In the primary analysis (time from the
start of infusion of study treatment until
delivery), no statistically significant
MONTH 2022 Am
between-group differences and no dose-
response signal were detected. In addi-
tion, there were no differences between
the treatment groups in the secondary
endpoints (Table 3). The percentage of
women who delivered by cesarean de-
livery and vacuum extraction were
similar in all study groups (Table 3).
Between 91% and 94% of subjects in the
4 treatment groups received EDA.

Safety: studies 1 and 2
Across the 2 studies (6 study arms), AEs
were reported by 68% to 86% ofmothers
(Table 4, Supplemental Tables 1 and 5).
Most AEs were mild to moderate and
unrelated to the study treatment. In
study 1, the incidence of injection-site
reactions (mainly bruising) was higher
in the tafoxiparin group than in the
placebo group (19% vs 6%). This led to a
difference between tafoxiparin and pla-
cebo treatment at the system organ class
level (general disorders and administra-
tive site conditions: 28% vs 14%). All
other AE rates at both the preferred term
and system organ class levels and across
both studies were similar for tafoxiparin
and placebo treatment (Supplemental
Tables 1 and 2). Importantly, there was
no evidence that tafoxiparin increased
the risk for clinically significant post-
partum hemorrhage and there were no
epidural or spinal hematomas in either
of the studies. In study 1, the percentage
of women with bleeding >1000 mL in
the tafoxiparin group was 9% (12/138)
compared with 12% (15/125) in the
placebo group. The corresponding per-
centages in study 2 were 15%, 10%, and
8% (tafoxiparin 5, 15, and 25 mg/h) vs
8% (placebo).

Serious AEs (SAEs) were reported in a
minority of women (Table 4,
Supplemental Tables 2 and 6). In study 1,
uterine hemorrhage was the most com-
mon SAE (occurring in 2 tafoxiparin-
treated women and 2 placebo-treated
subjects). A total of 7 SAEs were
possibly related to the study treatment.
These occurred in 2 women who
received the placebo (1 had anemia and
uterine hemorrhage, and the other had
uterine hemorrhage and retained
placenta or membranes) and in 2 who
received tafoxiparin. The related SAE in
erican Journal of Obstetrics & Gynecology 1.e5
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FIGURE 2
Subgroup analyses of labor delivery time in study 1
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the first tafoxiparin-treated woman was
hemorrhage associated with a cesarean
delivery. The second tafoxiparin-treated
woman had a normal delivery but sub-
sequently presented with a vaginal he-
matoma. The vaginal hematoma and an
occurrence of uterine hemorrhage were
reported as SAEs, which were both
deemed possibly related to the tafox-
iparin treatment by the investigator. The
patient was later diagnosed with Von
Willebrand’s disease and should not have
been included in the study. The most
common SAEs in study 2 were post-
partum hemorrhage (reported in 5 study
participants: 2 in each of the 5 mg/h and
15 mg/h tafoxiparin groups and 1 in the
25 mg/h tafoxiparin group). All these
SAEs were assessed to be unrelated to the
study treatment. In study 2, 1 SAE was
deemed to be related to the tafoxiparin
treatment. This was cervical laceration;
the outcome was deemed to be resolved
and recovered. In study 2, the incidence
of uterine hyperstimulation with fetal
heart rate changes requiring tocolytic
treatment was slightly higher with the
placebo treatment (9%) than with the
tafoxiparin treatment (1% to 7%). No
uterine hyperstimulation requiring
1.e6 American Journal of Obstetrics & Gynecology
treatment with tocolytics was reported in
study 1.
In both studies, the incidence and

severity of AEs in infants were similar
between the tafoxiparin and placebo
treatment groups (Table 4, Supplemental
Tables 3 and 7). Most AEs in infants were
mildormoderate, andnonewas related to
the study treatment. The most common
AEs among infants in both studies were
neonatal infections and gastrointestinal
disorders. SAEs were uncommon among
the infants (Table 4, Supplemental
Tables 4 and 8). No infant-related safety
concernswere reported at 8 to 16weeks or
at the 6-month teleconference.
Most laboratory evaluations showed

no clinically significant deviation from
the normal range. Fetal acidosis (base
excess <e12 mmol/L) was reported in
10% of infants in the placebo group of
study 1 and in 5% of infants in the
tafoxiparin group. The corresponding
percentages in study 2 were 0% (pla-
cebo) and 1%, 3%, and 0% in the
respective tafoxiparin groups (5, 15, and
25 mg/h). In both studies, Apgar scores
were similar in infants born to women
treated with either the placebo or
tafoxiparin.
MONTH 2022
Discussion
Principal findings
In study 1, the risk for having a labor
time exceeding 12 hours was signifi-
cantly reduced by tafoxiparin, and
reduced labor time was evident in
womenwhose labor time exceeded 6 to 8
hours and who received oxytocin treat-
ment. The reduction in labor time was
most pronounced among women who
underwent labor induction. Cervical
ripening, measured by improvement in
the Westin score, was more likely to
progress in women who received tafox-
iparin. In study 2, no statistically signif-
icant benefits were observed among
those who received tafoxiparin when
compared with those who received the
placebo.

Results in the context of what is
known
The findings reported here are in line
with previous in vitro data suggesting
that tafoxiparin increases myometrial
contractility and cervical ripening.25

Three previous phase I studies of tafox-
iparin were conducted in healthy,
nonpregnant volunteers.28 IV or SC
doses of 2 to 4 times the intended clinical

http://www.AJOG.org


FIGURE 3
Subgroup analyses of cervical ripening in study 1

A, Women who received oxytocin. B, Women who did not receive oxytocin to stimulate uterine
contractions. C, Women for whom labor was induced by cervical ripening and/or by amniotomy and
oxytocin treatment. Women who delivered before day 7 had no Westin score reported at day 7 and
were therefore not included in these analyses. The Westin score was defined according to a 10-point
scale according to which 0 to 5 represents an unripe cervix and 6 to 10 represents a ripe cervix.

Erkman-Ordeberg. Tafoxiparin for cervical ripening and labor augmentation. Am J Obstet Gynecol 2022.
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dose were administered. Tafoxiparin did
not influence the coagulation system and
demonstrated a good overall safety
profile.

Research and clinical implications
Study 1 was the first-in-pregnant-women
investigation of tafoxiparin, conducted to
investigate administration of the drug
TABLE 3
Efficacy results of study 2

Labor outcome

Time from start of infusion of study treatment
until delivery (h), median (interquartile range)

Number (%) of women with prolonged labor
(�14 hours) with odds ratios (95% confidence
interval) when compared with placebo

Number (%) of cesarean deliveries

Number (%) of vacuum extractions

Erkman-Ordeberg. Tafoxiparin for cervical ripening and lab
before labor, across a range of different
conditions. Therefore, the inclusion
criteria were broad, and a number of post
hoc analyses were performed to extract all
relevant information and to create new
hypotheses. More than 30% of partici-
pants had normal labor progression
without a need for labor augmentation by
oxytocin and additional tafoxiparin,
Placebo
(n¼91)

Tafoxiparin 5 mg/h
(n¼88)

Taf
(n¼

6.07 (4.60e10.38) 7.00 (4.67e10.40) 7.4

11 (12) 9 (10)
0.804 (0.304e2.129)

7 (
0.8

13 (14) 13 (15) 13

16 (18) 24 (27) 19

or augmentation. Am J Obstet Gynecol 2022.
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which limited the scope for demon-
strating the effectiveness of tafoxiparin in
the primary endpoint.

As stated earlier, the results of study 1
led to the formulation of 2 new hy-
potheses. The hypothesis that tafox-
iparin reduces the risk for prolonged
labor after spontaneous onset in situa-
tions requiring oxytocin stimulation
owing to dystocia was tested in study 2.
Nulliparous women requiring labor
augmentation received IV tafoxiparin or
placebo as an adjunct to oxytocin. Study
2 failed to show that tafoxiparin was
effective; this may have been because the
treatment time was too short for tafox-
iparin to influence remodeling of the
ECM. However, a longer treatment
period would be difficult to implement
during ongoing labor. Future studies
probably need to focus on treatment as
performed in study 1 and on treatment
in specific, high-risk groups. The second
hypothesis stemming from study 1, that
tafoxiparin reduces labor time when la-
bor induction is performed with pros-
taglandin to induce cervical ripening
and/or with amniotomy or oxytocin to
stimulate uterine contractions, is being
tested in a placebo-controlled study
(PPL17) in which tafoxiparin is being
administered SC for up to 7 days in term
pregnant women scheduled for labor
induction.32

From a clinical perspective, the pri-
mary endpoints of the studies presented
here did not show statistically significant
benefits with tafoxiparin treatment when
compared with the placebo, but it re-
mains possible that tafoxiparin may be
oxiparin 15 mg/h
87)

Tafoxiparin 25 mg/h
(n¼90)

8 (4.98e10.65) 7.32 (4.95e11.48)

8)
43 (0.307e2.317)

6 (7)
0.457 (0.155e1.345)

(15) 14 (16)

(22) 16 (18)
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TABLE 4
Summary of adverse events occurring in studies 1 and 2

Adverse events

Study 1 Study 2

Placebo
(n¼125)

Tafoxiparin
(n¼138)

Placebo
(n¼91)

Tafoxiparin
5 mg/h (n¼88)

Tafoxiparin
15 mg/h (n¼87)

Tafoxiparin
25 mg/h (n¼90)

Maternal

Any adverse event 85 (68) 108 (78) 69 (76) 76 (86) 72 (83) 72 (80)

Adverse event possibly or
probably related to
study treatment

15 (12) 25 (18) 3 (3) 19 (22) 2 (2) 7 (8)

Injection-site reactiona 8 (6) 26 (19) N/A N/A N/A N/A

Severe adverse event 3 (2) 10 (7) 5 (6) 1 (1) 3 (3) 4 (4)

Serious adverse event 4 (3) 10 (7) 4 (4) 6 (7) 7 (8) 11 (12)

Infant

Any adverse event 44 (35) 46 (33) 69 (76) 62 (70) 63 (72) 64 (71)

Severe adverse event 3 (2) 3 (2) 4 (4) 1 (1) 1 (1) 3 (3)

Serious adverse event 16 (13) 14 (10) 10 (11) 18 (20) 11 (13) 20 (22)
a This adverse event has been included in the table because in study 1, it had the highest incidence rate and it helps to characterize the difference between the treatment groups in the overall adverse
event rate.
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effective in reducing labor time in spe-
cific groups (eg, women undergoing la-
bor induction). Both studies showed that
tafoxiparin was well tolerated by women
and their infants. Most AEs were no
more common with tafoxiparin treat-
ment than with the placebo, and there
were few severe, serious, or treatment-
related AEs. Small differences were
observed in the AE profiles between the 2
studies, and these could be related to
differences in the dosing regimens (eg,
timing and route of administration). No
increased risk for bleeding or hyper-
stimulation was documented in either
study and no safety concerns were
apparent even when high doses of
tafoxiparin were administered during
labor. Therefore, no contraindications
related to anesthetic procedures or ce-
sarean delivery are anticipated.

Strengths and limitations
A major strength of the data reported
here is their robustness: both studies
were randomized and relatively large
(263 women were included in study 1
and 361 in study 2). A substantial dose
expansion was explored in study 2.
1.e8 American Journal of Obstetrics & Gynecology
Other strengths were the multicenter
designs, making the results generaliz-
able, and the comprehensive statistical
models underlying the sample size esti-
mations. The most apparent weakness of
study 1 was that >30% of the subjects
had a normal labor and no need for
augmentation with oxytocin and there-
fore there was no need for tafoxiparin
treatment; this limited the scope for
tafoxiparin to exhibit an effect. Lack of
treatment effect in study 2may be related
to the treatment duration being too
short.

Conclusion
The results of the first study presented
here (study 1) suggested that tafoxiparin
treatmentmay be effective in reducing the
labor time in specific groups, particularly
among women undergoing labor induc-
tion, possibly by promoting cervical
ripening, and among those requiring
oxytocin for slow progression of labor.
Both studies confirmed that tafoxiparin
has a favorable safety profile in both
mothers and their infants. Further studies
are planned to determine the optimum
strategy for utilizing tafoxiparin in clinical
MONTH 2022
practice to reduce morbidity among
mothers and children. n

Acknowledgments
The authors thank Ken Sutor, BSc, of Ascen-
dancy Medical Writing Ltd for medical writing
support, which was funded by Dilafor AB; Lena
DeglingWikingsson, PhD, Chief Executive Officer
at Dilafor AB, for managing the project; Per C.S.
Blom, PhD, Head of Clinical Development at
Dilafor AB, for managing the safety follow-up and
critically reviewing the manuscript; and Inge C.
Olsen, PhD, for reviewing the statistical section of
the manuscript. The authors also thank the
following obstetricians for contributing to study
recruitment:MargaretaNorman,MD (Department
of Obstetrics and Gynecology, Danderyds Hos-
pital, Karolinska Institute, Danderyd, Sweden);
Inger Blomberg, MD (Department of Obstetrics
andGynecology,GävleHospital,Gävle, Sweden);
Mats Hurtig, MD (Department of Obstetrics and
Gynecology, Central Hospital Växjö, Växsjö,
Sweden); Margareta Pettersson, MD (Depart-
ment of Obstetrics and Gynecology, Nyköping
Hospital, Nyköping, Sweden); Anna-Lena
Bryngelsson, MD (Department of Obstetrics and
Gynecology, Örebro University Hospital, Örebro,
Sweden); Mona Söderlund, MD (Department of
Obstetrics and Gynecology, North Älvsborg
County Hospital, Trollhättan, Sweden); Kerstin
Bolin, MD (Department of Obstetrics and Gyne-
cology,Central Hospital, Karlstad, Sweden); Lena
Granström, MD (Department of Obstetrics and
Gynecology, Södra Älvsborg Hospital, Borås,

http://www.AJOG.org


ajog.org OBSTETRICS Original Research
Sweden); Emelie Ottosson, MD (Department of
Obstetrics and Gynecology, Skaraborg Hospital,
Skövde, Sweden); Roland Boij, MD (Department
of Obstetrics and Gynecology, County Hospital
Ryhov, Jönköping, Sweden); Gisela Wegnelius,
MD (Department of Obstetrics and Gynecology,
South Hospital, Stockholm, Sweden); Stellan
Högstedt, MD (Department of Obstetrics and
Gynecology, Central Hospital, Västerås, Swe-
den); Anne-Marie Berglund, MD (Department of
Obstetrics and Gynecology, Kalmar County
Hospital, Kalmar, Sweden); Andreas Herbst, MD
(Department of Obstetrics andGynecology, Lund
University Hospital, Lund, Sweden); Agneta
Werner, MD (Department of Obstetrics and Gy-
necology, Vrinnevi Hospital, Norrköping, Swe-
den); and Tony Lavesson, MD (Department of
Obstetrics and Gynecology, Helsingborg Hospi-
tal, Helsingborg, Sweden).
References

1. Marroquin GA, Tudorica N, Salafia CM,
Hecht R, Mikhail M. Induction of labor at 41
weeks of pregnancy among primiparas with an
unfavorable bishop score. Arch Gynecol Obstet
2013;288:989–93.
2. Nakano T, Muto H, Ishii K, Hayashi S,
Okamoto Y, Mitsuda N. Factors associated with
emergency cesarean delivery during induction of
labor in nulliparous women aged 35 years or older
at term. JObstetGynaecolRes2018;44:1747–51.
3. Rouse DJ, Weiner SJ, Bloom SL, et al. Failed
labor induction: toward an objective diagnosis.
Obstet Gynecol 2011;117:267–72.
4. Neal JL, Lowe NK, Ahijevych KL, Patrick TE,
Cabbage LA, Corwin EJ. “Active labor” duration
and dilation rates among low-risk, nulliparous
women with spontaneous labor onset: a sys-
tematic review. J Midwifery Womens Health
2010;55:308–18.
5. Nystedt A, Hildingsson I. Diverse definitions of
prolonged labour and its consequences with
sometimes subsequent inappropriate treat-
ment. BMC Pregnancy Childbirth 2014;14:233.
6. Kjaergaard H, Olsen J, Ottesen B, Dykes AK.
Incidence and outcomes of dystocia in the active
phase of labor in term nulliparous women with
spontaneous labor onset. Acta Obstet Gynecol
Scand 2009;88:402–7.
7. Lu MC, Muthengi E, Wakeel F, Fridman M,
Korst LM, Gregory KD. Prolonged second stage
of labor and postpartum hemorrhage. J Matern
Fetal Neonatal Med 2009;22:227–32.
8. Nyfløt LT, Stray-Pedersen B, Forsén L,
Vangen S. Duration of labor and the risk of se-
vere postpartum hemorrhage: a case-control
study. PLOS ONE 2017;12:e0175306.
9. Sandström A, Altman M, Cnattingius S,
Johansson S, Ahlberg M, Stephansson O. Du-
rations of second stage of labor and pushing,
and adverse neonatal outcomes: a population-
based cohort study. J Perinatol 2017;37:
236–42.
10. Gifford DS, Morton SC, Fiske M, Keesey J,
Keeler E, Kahn KL. Lack of progress in labor as a
reason for cesarean. Obstet Gynecol 2000;95:
589–95.
11. Black M, Murphy DJ. Forceps delivery for
non-rotational and rotational operative vaginal
delivery. Best Pract Res Clin Obstet Gynaecol
2019;56:55–68.
12. Keag OE, Norman JE, Stock SJ. Long-term
risks and benefits associated with cesarean
delivery for mother, baby, and subsequent
pregnancies: systematic review and meta-anal-
ysis. PLOS Med 2018;15:e1002494.
13. Granström L, Ekman G, Malmström A.
Insufficient remodelling of the uterine connective
tissue in women with protracted labour. Br J
Obstet Gynaecol 1991;98:1212–6.
14. Hjelm AM, Barchan K, Malmström A,
Ekman-Ordeberg GE. Changes of the uterine
proteoglycan distribution at term pregnancy and
during labour. Eur J Obstet Gynecol Reprod Biol
2002;100:146–51.
15. Dubicke A, Andersson P, Fransson E, et al.
High-mobility group box protein 1 and its sig-
nalling receptors in human preterm and
term cervix. J Reprod Immunol 2010;84:86–94.
16. Dubicke A, Fransson E, Centini G, et al. Pro-
inflammatory and anti-inflammatory cytokines in
human preterm and term cervical ripening.
J Reprod Immunol 2010;84:176–85.
17. Sennström MB, Ekman G, Westergren-
Thorsson G, et al. Human cervical ripening, an
inflammatory process mediated by cytokines.
Mol Hum Reprod 2000;6:375–81.
18. Uldbjerg N, Ulmsten U, Ekman G. The
ripening of the human uterine cervix in terms of
connective tissue biochemistry. Clin Obstet
Gynecol 1983;26:14–26.
19. Cluff AH, Byström B, Klimaviciute A, et al.
Prolonged labour associated with lower
expression of syndecan 3 and connexin 43 in
human uterine tissue. Reprod Biol Endocrinol
2006;4:24.
20. Hidalgo-Lopezosa P, Hidalgo-Maestre M,
Rodríguez-Borrego MA. Labor stimulation with
oxytocin: effects on obstetrical and neonatal
outcomes. Rev Lat Am Enfermagem 2016;24:
e2744.
21. Kernberg A, Caughey AB. Augmentation of
labor: a review of oxytocin augmentation and
active management of labor. Obstet Gynecol
Clin North Am 2017;44:593–600.
22.Wei SQ, Luo ZC, XuH, FraserWD. The effect
of early oxytocin augmentation in labor: a meta-
analysis. Obstet Gynecol 2009;114:641–9.
23. Ekman-Ordeberg G, Akerud A, Dubicke A,
Malmström A, Hellgren M. Does low molecular
weight heparin shorten term labor? Acta Obstet
Gynecol Scand 2010;89:147–50.
24. Isma N, Svensson PJ, Lindblad B,
Lindqvist PG. The effect of low molecular weight
heparin (dalteparin) on duration and initiation of
labour. J Thromb Thrombolysis 2010;30:
149–53.
MONTH 2022 Am
25. Ekman-Ordeberg G, Hellgren M, Akerud A,
et al. Low molecular weight heparin stimulates
myometrial contractility and cervical remodeling
in vitro. Acta Obstet Gynecol Scand 2009;88:
984–9.
26. Bates SM, Middeldorp S, Rodger M,
James AH, Greer I. Guidance for the treatment
and prevention of obstetric-associated venous
thromboembolism. J Thromb Thrombolysis
2016;41:92–128.
27. Solari F, Varacallo M. Low molecular weight
heparin (LMWH). StatPearls. Treasure Island
(FL); 2022.
28. Dilafor AB. Tafoxiparin: investigator’s
brochure. 14th ed; 2019.
29. Dimitrakakis C, Papageorgiou P,
Papageorgiou I, Antzaklis A, Sakarelou N,
Michalas S. Absence of transplacental passage
of the low molecular weight heparin enoxaparin.
Haemostasis 2000;30:243–8.
30. Mätzsch T, Bergqvist D, Bergqvist A, et al.
No transplacental passage of standard heparin
or an enzymatically depolymerized low molecu-
lar weight heparin. Blood Coagul Fibrinolysis
1991;2:273–8.
31. Kindt J, Retzke U, Machold U, Kensche U.
[Pregnancy monitoring with the Westin grav-
idogram. I: value of the cervix score in the diag-
nosis of premature labor]. Zentralbl Gynakol
1985;107:1118–22.
32. ClinicalTrials.gov. Effect of tafoxiparin on
cervical ripening and induction of labor in
term pregnant women with an unripe cervix.
Available at: https://clinicaltrials.gov/ct2/show/
NCT04000438. Accessed May 25, 2021.

Author and article information
From the Department of Women’s and Children’s Health,

Karolinska Institute, Stockholm, Sweden (Dr Ekman-

Ordeberg); Dilafor AB, Solna, Sweden (Dr Ekman-Orde-

berg); Department of Obstetrics and Gynecology,
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